Interhemispheric differences in denitrification
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The severe depletion of stratospheric ozoti1e over Antarctica®? in late winter

5

and carly spring is caused® by enhanced ClO abundances®™® arising from het-
crogencous reactions on polar stratospheric clouds (? SCs). ClO abundances
comparable to those over Ant arct ica have also been observed throughout the
Arctic vortex®, but the accompanying loss of Arctic ozone has been much less
severe’. A major factor influencing ClO abundances is denitrification  the re-
moval of nitrogen from the lower stratosphere through gravitational settling of
PSC particles containing 11INQOj3. Recently, measurements of gas- phase 11NO;
have been obtained from the Microwave Limb Sounder (MLS) onboard the
Upper Atmosphere Research Satellite (UAR S). MLS 1INOj3;, 11,0, ClO, and
O3 provide the first simultancous common - calibrated global measurements
directly showing the correlations between denitrifi cation, dehydration and en-
hanced reactive chlorine aflecting stratospheric ozone. The extent, degree, and
durat ion of these processes have 110w been observed over an annual cycle and
found to be much greater in the Antarctic than in the Arctic, consistent with

previous  observations'® { hat were 1 ore Imited in temporal and spatial scale.

These results emphasize the importance of denitrification in polar ozone loss.




The MLS instrument!” acquires stratospheric measuremen (g which are not degraded by
1 . 5,1¢ 5,19, ” . N A1 T g
PPSCs or acrosols'®. M 1,S observations of (J10%1 0,61%2° and 11202" have beenreported

previously. IINOy, which was a scconidary MLS mcasurement objective!®

, IS @aminor con-
{ributor in the 205 Gllz spectral hands used to mecasure Oy and ClO. Vertical profiles
of pas phase IINOz are now being retrieved, resulting in improved fits to the radiometric
data [W. (. Read ct al., in preparation]. The Cryogenic Limb Array Iitalon Spectrometer
(C LAES) onboard UARS also measures HNO422, initial comparisons of MLS and CLAKS
11 NO; generally show good qualitative agreement, with some differences (partienlarly in the
southern hemisphere autumn) still under investigation. "'he estimated precision of MLS
lower stratospheric ' NOg presented here is ~ 2 p.p.b.v. (parts per 102 by volunae) and the
absolute accuracy is ~30%. T'he 11,0 measurements are shown at lower altitudes thanin

ref. 21, but have suflicient precision to qualitatively follow the progression of dehydration.

Figure 1 shows the evolution of MLS HTNO5, C1O, Oy, and 11,0 in the southern hemi-
sphiere in 1992, displayed on thie 465 K isentropic surface (~ 20 km altitude) along with
contours of potential vorticity characterizing the polar vortex houndary.  The vortex is
well established by 28 April®*,  with accumulation of HHINOy and Oy evident in its inte-
rior, as expected from diabatic descent®. Temperatures are still above the PSC formation

{hireshold, and chlorine has not yet been activated.

By 2 June (the beginning of a1y MLS south looking period), temperatures over a hroad
region are low cnough (<195 K) for the formation of T'ype 1 (nitric acid trihydrate,
NAT) PPSCs2®. While ozone abundances inside {he vortex have increased since late April,
a deficit in gas phase 1 NOjz has developed coincident with the lowest temperatures. A
similar decrcase is not scen in 11,0, Although there has been some suggestion?® that
denitrification occt pred prior to dehydrat jon in the 1987 Antarctic winter, most previous

Antarct ic observations have shown the processes of denitrification and dehiydration to be

8, 9,15, ) . 28,2 . :
coupled® #1527 Theoretical studies®? have found that the sedimentation rate of HNO;

particles can be sufliciently  rapid — given low cooling rates or cooling to just holow the



NAT condensation point for substantial 11 NO4 loss to occur over short timescales and
independent of ice particle formation. Based on data collected during the 1987 southern
winter, Salawitch ¢f . caleulate that extensive denitrification could have occurred by
15 June, with significant dehydration occurring later. The MLS data support the idea that

denitrification can precede significant dehydration over Antarctica,

On 17 August, MLSobscrved™ ClO values as high as 2 p.p.b.v. inmost of the region
poleward of 60°S; and a ring of low Oy coincident with the highest C1O abundances. The
arca of temperatures low enough (<188 K) for T'ype 11 (water ice) PS( 's?® encompasses
most. of the Antarctic continent.  Throughout this region, gas phase 1INOg values are
extremelylow (<2p.p.hov.). A “(collar’) of highlINO; (> 10 p.p.bov.) is seen just outside
the low temperature region, consistent with previous aireraft observations™ and co located
CLAYSmecasurements?. The outer houndary of ¢tilianced C10O roughly correspon ds to the
inner edge of the HNOg collar region, as expected from the conversion of reactive chlorine
into reservoir form (CIONO,) through reaction with NOy released by HNO. phiotolysis.
The 11,0 map indicates that intense dehydration has also now occurred within the low-

temperaturczone.

Lower stratospheric temperatures warmed above the threshiold for Type 1 PSC forma-
tionthe last week in September®. MLS measurements on 1 November (the beginning of the
next south looking period) show that, although the clevated ClO abundances have receded,
the ozone 1oss that developed in September®' 2% ayd the INO, deficit persist. The de-
pressed HNOg values at this time imply that irreversible removal of HNOy (denitrification)
hasoccurred .

This pattern of denitrification is notscenint e 1992- 1993 northern polar vortex (Fig-
arc 2). In contrast to the southern hemisphere at the comparable time, on 26 Octobe
the northern vortex is not established at 465 K. By 3 December the vortex has increased

substantially in size and strength [GL 1. Manney o al., in preparation]. Fxcept for a small
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arca over southern I inland, temperatures remain too high for PSCsand C1O is not en-

hanced. Lower stratospheric Oy and 11 NQOjy hiave acentnulated inside the vortex, and there

is no cvidence that denitrification has been initiated.

The most striking diflerences between the hemispheres ocenr inlate winter. While the
south ern vortex in August is nearly centered over the pole, the northern vortex in February
is distorted, with the southernmost portion covering most of Furope on 22 I ebru ary. C10
adbundan ces arve g ener ally enhanced (> 1p.p.b.v.) throughout the vortex, but Oz values
remain high, sugges ting that the replenishment by diabatic descent exceeds the dest rucetion
by chilorine chemistry. Between Greenland and Scandinavia there is a low- temperature arca
in which gas phase IINOgy abundances are low (~ 5- 9 p.p.bov.) relative to the remainder of
the vortex (~ 10 - 14 p.p.bov.). This low temperature, low: 11 NOy region persists for only
afew days (not shown). There is no corresponding perturbation in Qs or ClO, implying
that the sequestration of gas phase HNOg in NAT PSC s, rather than intrusion of lower-
Jatitude air or uplift. of the isentropes, causes the observed HNOy decrease. Compared to
the Ant avct ic (Figure 1), thie Arctic HNOy loss is less intense, more localized, and more
transicnt, indicating that the Arctic vortex has not undergone significant denitrification.
Significant dehydration is also not observed. By mid March, after two strong stratospheric
warmings®', the high values of ClO have diminished. Oy abundances are lower than in
l‘cbruary, but the depletion is much less severe than in the southern vortex hetween August
and September”. " he continued presence of HNOj throughout the Arctic winter moderates
the destruction of ozone by providing a source of NO, to quench C1O.

Under present climate conditions, Arctic winter temperatures remain below the Type 1
PSC threshold sufliciently long for lower stratospheric chlorine to be substantially converted
to reactive form. However, they donot fall Tow cnough, or stay low long cnough, for
sedimentation by either Type 1 or Type 1 1PSC particles to cause extensive denitrification.

Future cooling of the lower stratosphere (c.g., caused by increases in greenhouse gases)



could intensify denitrification anid, wh le the chlorine loading remains high, lead to greater

losses of Arctic ozone®33,
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Figure Captions

['IG. 1. Maps of MLS H NOs, ClO, Oy, and 11,0 for sclected days during the 1992 south-
orn wint er, interpolated ont o the 465 K potent ial temperature (0) surface using United
States National Mcteorological Center (NMO) temperatures. T hese days were chosen to
lustrate conditions prior to, during , and after the period in which lower stratospheric
t emperatures were low eniough for PSCs. The maps are polar orthographic projections
extending to the equator, with the Greenwich meridian at the top and dashed black cir-
cles at 30°S and 60°S. No mea surement s were obtainedin the white arca poleward o
80°S. T 'he thick black contour concentric with this region on the ClO maps identifies
the edge of daylight for the m casurements. Only data from the “day” side of the orbit
arc show n for ClO; maps for all other species include data from a 24 hour period. T'hin

black lines show NMC temperatu re contours of 195 1{ (outer contour) and 188 K (inner con-
tour), the a‘])]n‘()ximatcL]n‘(tsho]dt(tm]>(:1~a‘tnr(‘rs25 for Type land Type 11 PSCs, respectively.
Also supcrimposed (in white) o011 cach of themapsare two contours of potential vorticity
(I'V), calculated from NMC temperature and geopotential height fields. T'he out er contour
(- 2.5 x 10- *Kim?kg™ s 1, represents the approximate edge of the polar vortex during win-

ter whien it is well- established??; inclusion of the inner contour (- 3.0 x 107 ° Kim?kg 's™ 1)

provides information o11 the steepniess of the PV gradient, indicating the strength of the

vortex.

F1G. 2. Asin Fig. 1, but for sclected days during the 1992- 1993 northern winter, with the

Greenwich meridian at the bottom, and positive P’V contour values.



1992 Southern Winter - MLS data at 465 K
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] 992-1993 Northern Winter - MLS data at 465 K
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